The expression patterns of the transcription factor, Sox-9, and of the nuclear factor, cDachsund-2, were examined in the developing chick telencephalon. Both genes were expressed in the ventricular zone and in the subventricular zone of the telencephalon during the period of neurogenesis. Whereas Sox-9 was not expressed in postmitotic tissues, cDachsund-2 was specifically expressed in the neostriatum and in subdivisions of the hyperstriatum embryonically and in posthatch chicks. q
Results and discussion
Early in development, the vertebrate neuraxis consists of a simple cylinder of neuroepithelial cells. The anterior portions of the neuraxis later subdivide into more complicated fields, which are distinguishable by their morphology and gene expression patterns. RNA patterns can be useful markers of neuromeres or of adult nuclei, with some genes exhibiting patterned expression having functional roles in pattern generation. The domains of gene expression for several conserved families of molecules have recently been explored within the mammalian and avian brain (Wilkinson et al., 1989; Simeone et al., 1992; Bulfone et al., 1993; Rubenstein et al., 1994) . However, relatively little is known about the domains of gene expression in the developing chick telencephalon (Ragsdale and Grove, 2001) . We describe here the expression patterns of two genes, Sox-9 and Dach2, which are found in functionally and anatomically distinct subdivisions of the developing chick telencephalon. We also compare them to the expression patterns of two well described genes, Pax-6 (Stoykova and Gruss, 1994; Smith-Fernandez et al., 1998) and DLX (Bulfone et al., 1993; Panganiban et al., 1995; Eisenstat et al., 1999) .
Sox-9 is a transcription factor with a DNA binding domain similar to that of SRY, the mammalian testis-determining factor (reviewed in Koopman, 2001) . In humans, mutations of the SOX9 gene leads to campomelic dwarfism, which is partially characterized by loss of the olfactory bulbs and tracts, and by enlarged cerebral ventricles (Houston et al., 1983; Foster et al., 1994) . In the developing telencephalon of the chick, Sox-9 mRNA was expressed in the ventricular zone (VZ) as early as embryonic day 4.5 (E4.5; Fig. 1A ). Sox-9 hybridization was strong at all dorsoventral and anteroposterior levels in the VZ of the telencephalon, but was weak or undetectable in the medial telencephalon. In contrast, DLX is expressed in only the ventral half of E4 forebrain, both anteriorly (Fig. 3A) and posteriorly (Fig.  3B) . Recent BrdU studies of cell proliferation in the developing chick telencephalon have revealed an avian subventricular zone (SVZ) similar to that found in the ganglionic eminences of mammals (Striedter and Keefer, 2000) . Between E5 and E11, Sox-9 was also expressed in the SVZ (Fig. 1B-D,F) . Sox-9 expression in the SVZ had a dorsal boundary that corresponded with the ventral limit of Pax-6 expression in the VZ ( Fig. 1C-F ; Smith-Fernandez et al., 1998) . The dorsal boundary of Sox-9 expression in the SVZ also corresponded with the dorsal boundary of DLX expression . DLX expression was found in ventral postmitotic tissues and in this respect differed from Sox-9 expression. Sox-9 continued to be specifically expressed throughout the VZ and in the SVZ of the E11 chick telencephalon (Fig. 1F ), but by E15, the level of expression of Sox-9 began to decrease and was faint and discontinuous in the VZ by E19 (not shown). Sox-9 was also weakly expressed in the optic nerve.
The gene dachshund encodes a nuclear protein that is necessary and sufficient to induce eye formation in Drosophila (Shen and Mardon, 1997) . The mouse homologue of (01)00641-4 www.elsevier.com/locate/modo dachshund is expressed in the developing neocortex, in distal portions of the optic cup, and in neural crest cells (Caubit et al., 1999) . Recently, Heanue et al. (1999) , showed with in situ hybridizations of whole mounts, that chick Dachsund-2 (Dach2) is expressed in the dorsal neural tube of developing chick embryos. In this study we used tissue sections, and found that Dach2 mRNA was expressed in the VZ of the entire telencephalon between E5 (not shown) and E7-E9 ( Fig. 2A) . At E9 and later, Dach2 was also expressed not only in the VZ but also in the SVZ (indicated by arrowheads in Fig. 2B ), similar to Sox-9 (compare Figs. 1F and  2B ). The expression of Dach2 and DLX in the SVZ overlapped (compare Figs. 2B and 3H,I ), however, only DLX was also expressed lateral to the SVZ. The neostriatum, an avian nucleus with uncertain evolutionary homology (Striedter et al., 1998) , lacks both Emx1 and Dlx1 expression, markers of the pallium and subpallium, respectively ( Fig. 3H-J ; Smith-Fernandez et al., 1998; see Medina and Reiner, 2000 for review) . Between E11 and posthatch day 7 (P7), Dach2 mRNA was strongly expressed in the neostriatum (N) and delineated it (Fig. 2B-E) . Dach2 mRNA was absent from the hyperstriatum ventrale (HV) (Fig. 2D ) and the paleostriatum (P) (Fig. 2E) . Starting at E15, Dach2 was also expressed at low levels in the hyperstriatum intercalatus (HI) (Fig. 2C ) and in posthatch chicks in the hyperstriatum accesorium (HA) (Fig. 2E) .
Materials and methods

Tissue processing
Pathogen-free White Leghorn chick embryos, obtained from Spafas (Norwich, CT, USA) were incubated until E4.5 through P7. Embryos and brains were dissected in cold phosphate buffered saline (PBS) and fixed overnight in phosphate buffered 4% paraformaldehyde at 48C. Tissue Fig. 1 . Sox-9 in situ hybridization in developing chick telencephalon compared to DLX and Pax-6 immunohistochemistry. (A) Sox-9 expression is confined to the VZ in the anterior telencephalon of an E4.5 embryo. The lateral edge of the neural tissue is outlined in green. (B, D) At E5 and E7, Sox-9 expression is detected not only in the VZ, but also in the SVZ (the arrows point to the dorsal boundary of this expression). (C) DLX expression in the mid-telencephalon; arrow shows the same dorsoventral boundary indicated by arrows in (D, E). Note that this antibody not only labels most cells in ventral telencephalon, but also detects a lower density of cells in the dorsal telencephalon. (E) Pax-6 immunohistochemistry in mid-E7 telencephalon. Pax-6 immunoreactivity diminishes rapidly ventral to the expression of Sox-9 (arrow) in the SVZ. (F) Sox-9 expression in midcaudal (left) to caudal-most (right) sections at E11; note the continued expression in the SVZ (arrows). (G) At E11, Pax-6 is expressed in the VZ of the dorsal telencephalon, but is absent in the SVZ (arrow). was cryoprotected overnight in phosphate buffered 30% sucrose. After embedding in OCT and storage at 2808C, 30-mm transverse sections were cut in a cryostat at 2228C. Sections from different age embryos were always processed in parallel.
In situ hybridization and immunohistochemistry
Digoxigenin-labeled Sox-9 probes were synthesized using T7; plasmid was obtained from P.N. Goodfellow (Cambridge, UK). Dach2 probe was obtained from T. Heanue (Heanue et al., 1999) . To increase tissue penetration of the Dach2 probe, it was subjected to alkaline hydrolysis by mixing 50 ml probe with 30 ml 0.2 M Na 2 CO 3 and 20 ml 0.2 M NaHCO 3 for 1.5 h at 608C. Sections were washed for 15 min in PBS and then incubated in prehybridization mix (50% formamide; 5 £ standard saline citrate (SSC), pH 4.5; 50 mg/ml yeast RNA; 1% sodium dodecyl sulphate (SDS); 50 mg/ml heparin) for 15 min at 708C. Sections were then incubated in hybridization mix (prehybridization mix plus probe) at 708C overnight. Slides were washed 3 £ 15 min in 50% formamide/5 £ SSC, pH 4.5/1% SDS at 708C, and then 3 £ 15 min in 50% formamide/5 £ SSC, pH 4.5 at 658C. Sections were washed 3 £ 10 min in tris-buffered saline with 1% Tween-20 (TBST) and then exposed to TBST/ 5% sheep serum for 30 min. Sections were exposed to anti-digoxigenin antibody coupled to alkaline phosphatase (1:2000; Boehringer Mannheim) for 2 h. Slides were washed extensively in TBST, and then incubated in TBST containing 50 mM MgCl 2 before exposing to NBT/BCIP. Anti-Pax-6 (1:20; Developmental Studies Hybridoma Bank) was applied to sections and detected with ABC amplification and DAB precipitation. An anti-DLX (G.
Paganiban, U. Wisconsin; Panganiban et al., 1995) antibody was applied to sections and detected with a Cy3-conjugated secondary (Jackson Immunoresearch, PA, USA). 
